To demonstrate what may be expected in individuals who do not show clinical evidences of heart disease, the authors present a quantitative evaluation and physiologic interpretation of (lata obtained from 60 male subjects. Age differences are described. Decreases in S-T and in T occurrel in most subjects. The S-T depression is not necessarily ascribable to injury, and no discontinuity of distribution is discovered to justify calling any of the observed responses "abnormal." The results emphasize the limitations to interpretation of information which is not highly specific, in subject material where no primary standard of diagnosis has been established.
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E XERCISE provides a commonly encountered iilcrease in cardiac work load, and has been considered a useful tool in the study of the cardiovascular system. For the clinician who appreciates that cardiovascular disease may exist despite normal findings in the patient at rest, exercise may uncover signs, both clinical and electrocardiographic, of an otherwise nonevident disorder. Criteria have been proposed for the judgment of an abnormal electrocardiographic response to exercise, a judgment which may govern important medical and social decisions. There is some difference of opinion as to the best criteria to use.
The purpose of the present study is to provide systematic data in subjects up to 80 years of age and to contribute to the background upon which rational criteria for clinical evaluation may be based. A careful selection of "normal" subjects was made. The authors are aware that the standards which formed the basis for selection were to some extent arbitrary and, in addition, admit to ordinary clinical fallibility. Using conventional clinical electrocardiographic technics, the authors present and analyze some of the responses to a standard exercise.
In the studies which perhaps have been
From the Section on Gerontology, National Heart Institute, National Institutes of Health, Public Health Service, Federal Security Administration, Bethesda, and the Baltimore City Hospitals, Baltimore, Md. 510 most widely used as exercise tests of physical fitness, Schneider' based normal performance on observations of young adults. Master and Oppenheimer,2' 3 considering their test as a measure of cardiac function, adjusted the work load for age, weight and height to e(ualize the response of systolic blood pressure and heart rate. Their extensive series includes only three male subjects (less than 2 per cent) over the age of 59 years. When the clinical usefulness of the test was extended by including the electrocardiogram,4' i the same and double the amounts of work were used. On the basis of a considerable prior clinical experience, these authors had already formulated4 5 The mean values and the standard deviations of the distributions (ad) of R-R, Q-T and T are presented. These values are expressed to the nearest significant figure. Because S-T frequency distributions were asymmetric, they have been tabulated in terms of the median values, and the extremes encountered are detailed. A t test was used to compare two means. For estimation of the significance of an age difference among the three age groups an F test was employed. Probability values (p) were assigned to the t scores and to the variance ratios for R-R, T, and Q-T data. The term "significant" indicates that the estimated probability (p) of chance difference is equal to or less than 0.02; "highly significant," less than 0.01. Age differences in the time course of T-wave means were evaluated by an F test of the age by time interaction based on the five records taken after exercise. Significance was assigned to p values < 0.01, and for highly significant differences p < 0.001. Correlation was tested by correlation coefficient (r) for linear correlation of ungrouped data.
RESULTS

Work
On the basis of their body size (surface area) all subjects performed the same work. significantly below control level until after 10 minutes, while significant cardioacceleration was evident in the younger two groups only in the records taken immediately after exercise. The difference in rate of recovery was suggested in the shorter average cycle length for the old group immediately after exercise, but significant age difference in R-R was not demonstrable at any time. Variability of R-R was the same in all groups at rest, and decreased during exercise. At two minutes of recovery the oldest group showed the greatest variability. S-7 Selection of subjects with normal electrocardiograms restricted the range of control values for S-T and T. Age differences in control S-T levels were slight. In all leads except V4, median values in each age group were no more than 14 mm. from the reference level. In V4, the median value was 1 mm. for the two younger groups, and 14 mm. for the old group (table 2) . A tendency toward a relative lowering of S-T with age may be noted in the slightly lower median values for the oldest group in -AVR, aVF, V2, V4, V5, V6. The selection of subjects placed a minimal limit on S-T, and minimal values for each group w ere -14 mm., except for one young subject who showed a depression of 34 mm. in lead II and one old subject with a depression of 12 mm. in V5. Exercise generally resulted in slight depression of the S-T level (elevation in aVR), usually maximal immediately after exercise, and most evident in V4. F ratios were computed for selected leads to test whether observed differences in means could be attributed to age grouping. These ratios were all low for the control period, and considerably higher immediately after exercise (table 2) indicating that exercise consistently increased differences attributable to age.*
The maximal recorded S-T change at any time was ascertained for each subject. The median value for this maximal change in all 60 subjects was 12 mm. ill V4, 14 mm. in II, a\NF, V5 and V6 and less than 14 mm. in the remaining * Because the S-T data do not have a normal distribution, probability (p) values are not assigned to these F ratios.
leads. The median for the old group was larger than one or both of the younger groups in all leads except III, aVL and V2. The largest individual change was recorded in an elderly subject whose S-T was lowered by 154 mm. in lead II, 112 mm. in V2, 1/1 mm. in V5 and 1 mm. in V4. In all but three subjects the recorded S-T change was less than 112 mm.
Four of the five subjects exhibiting a change greater than 1 mm. were in the old group. In eight subjects (two young, three middle and three old) a maximum change of 1 mm. was recorded, occurring twice in lead 11, five times in ¾r and three times in V5.
Recovery was evident at two minutes after the completion of exercise, and by four minutes only two subjects (one middle, one old) showed changes from control of more than 1 mm. in the limb leads. In the chest leads, changes exceeding 1 mm. persisted in one subject (old), while a change of 1 mm. remained in three subjects (one young, two old).
The lowest level of S-T attained was influenced in part by the control level, but more by the amount of change. A resultant maximal depression of S-T to more than 12 mm. below reference level was recorded in 11 subjects, eight of whom were in the old group. The greatest depression was -1/4 mm. in one case. No subject evidenced an S-T level lower than -1 mm. in the limb leads, and only two subjects, both elderly, exceeded this lower limit in the chest leads.
T-JWave Height
Despite factors of case selection, mean control T height decreased slightly with age in all leads except III, but the differences were significant only in lead I. In the majority of leads (I, II, aVR, V4, V5, V6) reduction in mean T height was evident immediately after exercise (table 3, fig. 1 -aVR suited to the purpose of establishing electrocardiographic norms. The demonstration of age differences within this material, therefore, is more meaningful. Although we anticipate a higher incidence of coronary arteriosclerosis in clinically normal subjects after the age of 40, the average degree of involvement in our subjects may be expected to level off at the sixth decade.23 The age decrement in T height appears in those leads whose approximate axes of derivation make small angles with the major axis of T. Since some of the lead axes lie on either side of the maj or T axis, the general diminution in these scalars suggests that a primary decrease in the recorded vector magnitude with age might have been found if appropriate vector technics had been employed. 25 Exercise served to develop the latent electrocardiographic differences between the age groups, increasing and making significant preexisting differences in means. In no situation was a greater similarity found after exercise than before, indicating that the multiple effects of exercise on S-T and T do not cancel out existing or provoked differences. Systematic measurements of QItS were not made, but Q-T was shortened. Prolongation of QRS relative to Q-T has been asserted to explain the S-T depression of exercise,24, page 259 and this would be conisonant with the greater depression of S-T and reduction of Q-T in the older group. Although the largest S-T and IR-R changes occurred over the same period of time, no correlation exists between the magnitudes of these changes (r = .04), so that the degree of cardioacceleration is not an index of the amount of S-T displacement. The ultimate basis for a depression in S-T level is assignable to one or more of three causes: (1) altered time pattern of activation, (2) faster return of activity curve in one region relative to another, or (3) development of regions of altered polarization pattern in deeper muscle layers which persist during the resting state, that is, "injury" potentials. We have no factual evidence as to the relative roles of these factors. The rapid evolution of S-T changes suggests that transient alterations are normally responsible. It does not appear necessary to ascribe these changes to injury unless they are more protracted, or are unrelated to the expected changes in synchronization. The slightly more evident S-T depression inl the older group does not warrant the assumption of mechanisms qualitatively different from those operative in young subjects. While these data are compatible with an anticipated limitation of myocardial circulation in old subjects, they can neither prove nor disprove such an hypothesis. Since The age differences in time course of T depression noted in the means for our three age groups were highly significant in leads aV11 and V5 (F = 6.52, 6.76; p < 0.001). When the time courses of S-T and of T are compared, it is noted that the evolution of T level after exercise finds a correspondence in S-T for the young group, but not for the oldest subjects, where greater decrease in T continues during S-T recovery. Thus for a given manifes-tation of initial alteration in S-T, the processes restoring a normal repolarization pattern are delayed in the older subjects. A difference in the pattern of ventricular gradient change is thereby suggested.
Young
The changes in Q-T with exercise exemplify the lag noted in the adaptation of Q-T to sudden changes in heart rate.24 26 Since rate recovery for the oldest group was not as prompt, this "hysteresis" of Q-T is not evoked after exercise in this group. SUMMARY AND CONCLUSIONS A standardized exercise was administered to 60 males 20 to 80 years of age who were selected as evidencing no clinical cardiovascular disease. The rate of work performed was adjusted for body size but not for age.
Some of the resulting electrocardiographic alterations are described and analyzed. Findings common to the three age groups studied were depression of S-T appearing promptly and most evidently in leads V4, V57 V6 and II. Considering any lead, the maximal change of S-T was less than 1 1 2 mm. in all but three subjects, or in 95 per cent of the material. By four minutes after exercise, a change of more than 1 mm. in the precordial leads was exhibited by only one subject, and a change of more than 1 2 mm. in the limb leads persisted in two subjects.
A decrease in T height Awas evident in the maj ority of recorded leads, and tended to become maximal during the course of the recovery period. The mean of the maximal change in T wN-as greatest in V4, with a value of -1.8 mm. and a standard deviation of distribution of ± 1.5 mm. The maximum recorded individual decrease in T of the limb leads was 3 mm. in lead II. In the precordial leads a decrease of more than 5 mm. occurred in three cases. Isoelectric or inverted T waves did not occur (excluding aYVL and III). The few subjects with relatively large T-wave changes usually exhibited these in more than one lead.
Within the general pattern of response, age differences were noted. The oldest group evidenced comparatively delayed recovery of heart rate, and greater reduction in Q-T during and immediately after exercise. A greater depression of S-T, and diminution of T occurred with age. The evolution of T-wave change was relatively delayed in the oldest group with maximal decreases in T occurring later in the recovery period. ACKNOWLEDGMENTS Mr. Raymond Flath deserves credit for the efficiency with which technically suitable recor(ls were obtained, and Mr. Jesse Yaffa gave valuable assistance in computation. The authors are also indebted to Dr. M. Halperin, for instruction and assistance in the statistical aspects of the study. SUMARIO 
ESPAWOL
Para demostrar lo que se puede esperar en individuos que no muestran evidencia de enfermedad cardiaca, los autores presentan una evaluacion cuantitativa e initerpretacio'n fisiol6gica de los datos obtenidos en 60 sujetos hombres. Diferencias en edad se describen. Decrementos en ST y en T' ocurrieron en la mayoria de los sujetos. La depresioln en ST no es necesariamente atribuible a daflo y ninguna descontinuidad de distribucion se descubri6 para justificar las respuestas obtenidas "anormales." Los resultados recalcan las limitaciones de initerpreta(ioni de iniformaci6nii no altamente espefica en material donde no se ha establecido una pauta primordial de diagniosti(co.
